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(m) Method and apparitus for plasmapheresis. 

(5?) Plasmapheresis by filtration can be carried out with high 
efficiency for long periods by conducting blood over a 
surface of a membrane and passing plasma at an accelerat- 
ing rate until the threshold level is attained, maintaining the 
rate of passing plasma until the ceiling system transmem- 
brane pressure difference is arta-ned and then reducing the 
passing of plasma and the sysiem transmembrane pressure 
difference and allowing the membrane to clear before 
repeating the cycle. 
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Method and Apparatus for Plasmapheresis 

FIELD OF THE INVENTION 

This invention relates to plasmapheresis by 
filtration . 

BACKGROUND INFORMATION 
Plasmapheresis is a process of separating 
plasma from whole blood. The plasma-depleted blood 
is comprised principally of cellular components, 
i.e., red blood cells, white blood cells and 
platelets. Plasma is comprised largely of water, but 
also contains proteins and various other noncellular 
compounds, both organic and inorganic. 

Continuous plasmapheresis is a process of 
15 continuously removing whole blood from a subject, 
separating plasma from the blood and returning the 
plasma-depletfed blood to the subject in a continuous 
extracorporeal circuit. 

Plasmapheresis is currently used to obtain 
plasma for various transfusion needs, for preparation 
of fresh-frozen plasma, for subsequent fractionation 
to obtain specific proteins such as serum albumin, to 
produce cell culture media, and for disease therapies 
involving either the replacement of plasma or removal 
25 of specific disease-contributing factors from the 
plasma . 

Plasmapheresis can be carried out by 
centrifugation or by filtration. Generally, in known 
filtration apparatus, whole blood is conducted in a 
laminar flow path across one surface, i.e., the blood 
side surface, of a micro-porous membrane filter. 
Useful micro-porous membrane filters have pores which 
substantially retain the cellular components of blood 
buf allow plasma to pass through. Such pores are 
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Typically, cell-retaining pore diameters are 0.1 um 
to 1.0 p m - 

Various filtration devices for 
plasmapheresis are disclosed in the literature. U.S. 
5 3,705,100 discloses a center-fed circular membrane 
having a spiral flow path. U.S. 4,212,743 discloses 
a device having divergent flow channels. German 
Patent 2,925,143 discloses a filtration apparatus 
having parallel blood flow paths on one side of a 

10 membrane and parallel plasma flow paths, which are 
perpendicular to the blood flow paths, on the 
opposite surface of the membrane. U.K. Patent 
Apolication 2,037,614 discloses a rectilinear 
double-membrane envelope in which the membranes are 

15 sealed together at the ends of the blood flow path. 
U.K. Patent Specification 1,555,389 discloses a 
circular, center-fed, double-membrane envelope in 
which the membranes are sealed around their 
peripheries. German Patent 2,653,875 discloses a 

20 circular, center-fed double-membrane device in which 
blood flows through slot-shaped filter chambers. 

During plasmapheresis, it is desirable to 
attain high plasma separation efficiency. High 
plasma separation efficiency means that a large 

25 percentage of available plasma is removed. Membrane 
fouling, however, may impede maintenance of high 
separation efficiency for an extended period of 
time. Membrane fouling is discussed in Asanuma, Y. , 
et al., Proc . Euro. Soc . Art if . Organs 6 : 308 , 1979 

30 and Folstrom, R.J., et. al. r Trans . Am. Soc . Art i f . 
Organs 21: 602, 1975. It is believed to be a 
response to convective forces depositing components 
of the blood on the membrane. As fouling progresses, 


blood sice and plasma side of the membrane, i.e., 
transmembrane pressure difference. High 
transmembrane pressure difference may cause 
undesirable molecular scale sieving and blood trauma. 
5 It is an object of this invention to provide 

a method for plasmapheresis by filtration which can 
be carried out with high plasma separation efficiency 
for long periods of time by passing plasma through a 
membrane in an efficient manner, and apparatus 
1° therefor. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a flow diagram of the preferred 
embodiment of the invention. 

FIG. 2a is a plot of system transmembrane 
15 pressure difference versus time, 

'FIG. 2b is a plot of plasma flow rate versus 
time and is super imposable upon FIG. 2a. 

DISCLOSURE OF THE INVENTION 
For further comprehension of the invention 
20 and of the objects and advantages thereof, reference 
may be had to the following description and to the 
appended claims in which the various novel features 
of the invention are more particularly set forth. 

The invention resides in the discovery that 
25 plasmapheresis by filtration through a membrane can 
be carried out with high plasma separation efficiency 
for long periods of time by conducting blood over a 
surface of a membrane and, in a cyclic manner, (a) 
passing plasma through the membrane and, when the 
30 ceiling system transmembrane pressure difference is 
attained, (b) reducing the flow of plasma through the 
membrane and reducing system transmembrane pressure 
difference (STMP) , preferably to about zero. 
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membrane which comprises a membrane, means for 
conducting blood over a surface of the membrane and 
means for passing plasma through the membrane, and 
means for reducing the flow of plasma through the 
membrane and reducing STMP, preferably to about zero, 
when the ceixing STMP is attained. 

In its preferred embodiment, the invention 
resides in said process which comprises passing 
plasma at an accelerating rate until the threshold 
level is attained and in said process which further 
comprises reducing the rate of acceleration 
preferably to about zero and, when the ceiling STMP 
is attained, substantially terminating the passing of 
plasma and reducing STMP to about zero, and in 
15 apparatus comprising means for carrying out these 
steps . 

The invention may be best understood by 
reference to the following illustrative figures. 
Referring to FIG . 1, which illustrates the preferred 
20 scheme for carrying out the invention, blood is 

continuously conducted from a source 1, e.g., human 
donor or patient through a blood line 2, by means of 
a pump 3 into plasmapheresis membrane filter module 
4. Within module 4, plasma is separated from the 
25 blood by filtration. Plasma-depleted blood exits 
from the module via line 5 while plasma exits via 
line 6. Pressure transducers 7, 8, 9 are located 
near the inlet to the module on line 2, near the 
plasma-depleted blood outlet on line 5 and near the 
plasma outlet on line 6, respectively. A plasma 
pump, 10, draws plasma through the membrane in the 
module by pumping plasma away from the membrane. _ 
Pressure transducers 7, 8, 9 are used to 
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The modifier, -system", is used to indicate that the 
transmembrane pressure difference being monitored is 
the average across the entire module and not the 
transmembrane pressure difference at any one point on 
5 a membrane within the module. 

The preferred manner of passing plasma 
through the membrane and reducing the passing of 
plasma and reducing STMP is illustrated by FIGS. 2a 
and 2b. Referring to FIG. 2a, plasma is initially 
10 drawn at a slow rate. The rate of drawing is 
accelerated during time period 11, e.g., 
5 ml-min^-min" 1 , providing an accelerating 
increase in STOP. This acceleration is continued, 
typically for less than about 5 minutes to about 10 
15 minutes, until the STMP reaches the threshold level 
14, e.g., about 50 mm Hg (6.7 kPa) , after which the 
rate of acceleration is reduced to zero, i.e., the 
plasma flow rate (Q f ) is maintained constant, 
during time period 12. Despite the constant Q f , 
20 STOP continues to rise. When STMP reaches ceiling 
pressure 15, e.g., about 100 mm Hg (13.3 kPa) , the 
plasma pump is turned off and STOP is thereby reduced 
to about zero, allowing the membrane to be cleared 
during time period 13, typically less than about 5 
25 minutes. Membrane clearing during time period 13 is 
enhanced by the use of fouling-reducing techniques 
while conducting the blood over the surface of the 
membrane, e.g., rec iprocatory pulsatile flow, high 
blood velocity and blood recycle. 
30 Reciprocatory pulsatile flow is the 

preferred manner of conducting blood over the 
membrane in carrying out this invention, although it 

u n - r ~ * c bv filtration 
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blood in a flow path on a surface of a membrane with 
a net movement of blood from inlet to outlet of the 
flowpath while collecting plasma which passes through 
the membrane. Means for carrying out this process 
5 include, e.g., a plurality of coordinated pumps and 
valves positioned on blood inlet, plasma -deple ted 
blood outlet and plasma lines; pressure accumulators, 
or surge chambers, may also be useful. Blood recycle 
is a means of achieving high blood velocity which has 

10 also been shown to reduce membrane fouling. 

In a preferred apparatus for carrying out 
the invention, the Q f is controlled electronically 
in response to the STMP, e.g., an electronic device 
such as a microprocessor which automatically 

15 accelerates Q f , ceases the acceleration when the 
threshold level is attained, reduces Q f and STMP 
when the ceiling pressure is attained and repeats the 
cycle after a fixed duration. The threshold level is 
the STMP or rate of STMP increase which provides the 

20 optimal plasma separation efficiency, i.e., high Q f 
with a moderate rate of STOP increase without 
unacceptable sieving and blood trauma. If the rate 
of passing plasma is accelerated beyond the optimal 
threshold level, a very high Q f may be achieved, 

25 but STMP will rapidly increase to the ceiling 

pressure resulting in a short time period during 
which plasma is separated and, possibly, in 
irreversible fouling. If the rate of passing plasma 
does not attain the threshold level, or does so too 

30 slowly, Q f will be undesirably low even though the 

ceiling STMP may be reached very slowly. The ceiling 
pressure is the pressure above which unacceptable 
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f attained, after which, during time period 12', Q 

is substantially constant. when STOP is reduced, 
Q f substantially ceases, i.e., during time period 
13'. Q f resumes when the cycle is repeated. 
5 It should be emphasized that the above 

description is an example only. The specified Q 
acceleration rate, threshold level and ceiling 
pressure may not be optimal. They are typical of a 
plasmapheresis treatment allowing for a substantial 
10 margin of safety in avoiding blood trauma while 
providing acceptable plasma separation efficiency. 
The optimal values in a particular case may vary with 
several factors, e.g., module design, manner of 
conducting the blood over the membrane and 
15 characteristics of the blood. Further, while it is 
believed to be preferable to substantially terminate 
Q f and reduce STMP to about zero when the ceiling 
STMP is attained, reversing the flow of plasma or 
reducing STMP to below zero is not precluded, just as 
20 other variations not specifically discussed herein, 
e.g., irregular acceleration of q , are not 
precluded. 

While the preferred embodiments of the 
invention are described above, it is to be understood 
25 that the invention is not limited to the precise 
embodiments herein disclosed and that the right to 
all changes and modifications coming within the scope 
of the invention as defined in the following claims 
is reserved. 
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CLAIMS I 


^ roceSB for plasmapheresis by filtration which comprises 
conducting blood over a surface of a membrane and, in a 
c yclic mann er, (a) passing plasma through the membrane and, 
when the ceiling system transmembrane pressure difference 
5 is attained, (b) reducing the flow of plasma through the 
membrane and reducing the system transmembrane pressure 
di f f erence . 

2. Process of Claim 1 which comprises reducing the system 
transmembrane pressure difference to about zero. 

10 3. Process of Claim 1 or Claim 2 which comprises passing 
plasma at an accelerating rate until the threshold level is 
attained, and which comprises reducing the rate of 
acceleration after the threshold level is attained and 
substantially terminating the passing of plasma and reducing 

15 system transmembrane pressure difference to about zero when 
the ceiling pressure is attained. 

A. Process of Claim 3 which comprises reducing the rate of 
acceleration to about zero. 

5. Process of any one of Claims 1 to 4 which comprises 

20 electronically controlling the passing of plasma in response 
to the system transmembrane pressure difference. 

6. Apparatus for plasmapheresis by filtration through a 
membrane which comprises a membrane, means for conducting 
blood over a surface of the membrane and means for passing 

25 plasma through the membrane, and means for reducing the flow 
of plasma through the membrane and reducing system trans- 
membrane pressure difference when the ceiling system trans- 
membrane pressure difference is attained. 

7. Apparatus of Claim 6 which comprises means for reducing 
30 the system transmembrane pressure difference to about zero. 


reducing the rate of accelerator after the threshold level 
35 is attained and substantially terminating the passing of 


i 


9 

plasma and reducing system transmembrane pressure 
difference to about zero when the ceiling pressure i 8 
at t ained . 

9 Apparatus of C1.1. 8 whi ch co.prises „a„. f or redu 
the rate of acceleration to about zero. 

10. Apparatus of any one of Claims 6 to 9 which comprises 
=n electronic device which controls the paaeing of pl asna 
r " POnSe '° the transmembrane pressure difference 
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© Method and apparatus for plasmapheresis. 

© Plasmapheresis by filtration can be carried out wrth high 
efficiency for <ong periods by conducting blood over a 
surface of a membrane and passing plasma at an accelerat- 
ing rate until the threshold level is anained, maintaining the 
rate of passing plasma until the ceiling system transmem- 
brane pressure difference is attained and then reducing the 
passing of plasma and the system transmembrane pressure 
difference and allowing the membrane to clear before 
repeating the cycle. 
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